Intrasteric regulation of myosin light chain kinase: the pseudosubstrate prototope binds to the active site.
We previously proposed a molecular mechanism for the activation of smooth muscle myosin light chain kinase (smMLCK) by calmodulin (CaM). According to this model, smMLCK is autoinhibited in the absence of Ca2+/CaM due to the interaction of a pseudosubstrate prototope, contained within the CaM binding/regulatory region, with the active site of the enzyme. Binding of Ca2+/CaM releases the autoinhibition and allows access of the protein substrate to the active site of the enzyme, resulting in phosphorylation of the myosin light chains. We now provide direct experimental evidence that the pseudosubstrate prototope can associate with the active site. We constructed a smMLCK mutant in which the five-amino acid phosphorylation site of the myosin light chain substrate was inserted into the pseudosubstrate sequence of the CaM binding domain without disrupting the ability of the enzyme to bind Ca2+/CaM. We demonstrate that this mutant undergoes intramolecular autophosphorylation at the appropriate inserted serine residue in the absence of CaM and that this autophosphorylation activates the enzyme. Binding of Ca2+/CaM to the mutant enzyme stimulated myosin light chain substrate phosphorylation but strongly inhibited autophosphorylation, presumably by removing the pseudosubstrate from the active site. These results confirm that the pseudosubstrate sequence has access to the catalytic site and that the activation of the enzyme is accompanied by its removal from this position due to Ca2+/CaM binding as predicted by the model.